Our aim was to analyze the effect of headgear on upper airway dimension and hyoid bone position on non-extraction patients with Class II division 1 malocclusion. Ninety patients with Class II division 1 malocclusion were included and divided into three groups (Group A: treated with headgears and Class II traction; Group B: performed with Class II traction; and Group C: no treatment). The lateral projection was measured at the beginning and end of treatment. Cephalometric analyses of the dentofacial structure, upper airway dimension and hyoid bone position were performed before and after treatment. The data were analyzed by paired t-test and independent sample t-test. SNA significantly decreased in Group A after treatment (P<0.01), and SNB, ANB and Wits significantly changed in Group A and Group B. L1-MP, L1-NB and Z angle significantly increased, while overjet, overbite and lower lip measurements significantly decreased in Group A and Group B. In upper airway measurements, V-LPW, PNS-V, PNS-U and T-V significantly increased for three groups. Moreover, the hyoid bone position had a change in Group A and Group B. The upper airway dimensions were not decreased by headgear treatment or Class II traction in patients with Class II division 1 malocclusion. Class II traction treatment affected the position of the hyoid bone.
Introduction
Class II division 1 malocclusion is one of the most common malocclusions in clinic. Due to the obvious deformity, it affected facial appearance and masticatory function. As a result, the desire of treatment was urgent.
Distal displacement of the maxillary molars and decrease of overjet and overbite have been an integral part of orthodontic treatment for patients with Class II division 1 malocclusions. Due to possible side-effects of premolar extraction, non-extraction treatment became increasingly common in the 1970s 1) . More and more orthodontists used appliances to improve facial esthetics that don't have serious crowding and protrusion. Some clinicians are dedicated to using extraoral traction 2, 3) , whereas others, because of problems related to compliance, prefer intermaxillary or intramaxillary appliances.
Different appliance has its advantages and indications. The effect on cervical headgear on craniofacial growth, and the inhibition of maxillary growth has been commonly described as an important treatment. Lima showed that headgear appliances followed by fixed orthodontic treatment played an important role in dentoskeletal changes in Class II division 1 malocclusion 4) .
Fixed appliance combined with cervical headgear is the optional method for treatment of Class II division 1 malocclusion.
Some studies have suggested that Class II malocclusion is associated with upper airway narrowing 5, 6) . If effective treatments performed, the upper airway dimension would increase. Sahoo Nk showed an overall increase in airway dimension and improvement in hyoid position in patients with skeletal Class II malocclusion treated by combined orthodontics and bilateral sagittal split ramus osteotomy 7) . However, Forsus Fatigue Resistant Device appliance are considered to produce dentoalveolar changes but do not cause any significant posterior airway changes 8) . Shigetoshi reported that a significant reduction in the middle upper airway dimension was demonstrated by the wearing of cervical headgear during sleep 9) . The findings about whether the headgears followed by fixed orthodontic treatment have the effect on the upper airway were rarely reported.
Treatment methods
All cases were performed by non-extraction orthodontic treatment. The fixed appliances with headgear combined Class II elastic traction were performed in Group A and the fixed appliances with Class II traction were performed in Group B. The average treatment time was 19.2 months. No treatment cases were performed in Group C. The average observation time of Group C was 17.8 months.
The force level exerted by headgear was 300-350g 10) . The average time was more than 14 hours per day 11) , and the average of total headgear treatment time was 3.5 months. Traction direction should depend on vertical facial types.
Measurement methods
The lateral cephalograms were taken in a natural head posture before and after treatment. Make sure that the upper and lower lips were relaxed; Frankfort horizontal plane paralleled to the floor and the mandible was in the intercuspal position, with no swallowing. Take the left and right lateral photographic superimposition as the standard.
The control of method error
Cephalometric radiographs were analyzed by the Winceph 8.0 software. The lateral cephalograms were measured by the same investigator. A month later, the measurement was carried out again by the same examer. Casual and systematic errors were calculated by comparing the first and second measurements and one-way Analysis of variance (ANOVA) demonstrated there was no significant difference.
Cephalometric and anatomic landmarks are shown in Fig. 1 .
The 41 measurements 2, 5, 19, [20] [21] [22] [23] [24] of cephalometric radiographs are as follows:
1. Skeletal measurements: SNA (the angle sella to nasion to subspinale), SNB (the angle sella to nasion to supramentale), ANB (the angle subspinale to nasion to supramentale), GoGn-SN (the intersection point of mandibular plane (Go-Gn) and the SN line, the inclination of mandibular plane), Wits (the distance between Figure 1 . Landmarks. S, Sella; N, Nasion; Po, Porion; Ba, Basion; Ho, Hormion; Or, Orbitale; ANS, Anterior nasal spine; PNS, Posterior nasal spine; A, the deepest point on the anterior contour of the maxillary; B, the deepest point on the anterior contour of the mandibular aleveolar projection; Go, Gonion; Pog, the most anterior part of the bony chin; Me, Menton; Gn, Gnathion; RGn, the most posterior point on mandibular symphysis; R, the intersection point of posterior pharyngeal wall and the line from PNS to Ho; Ad2, the intersection point of posterior pharyngeal wall and the line from the vertical counterpoint from PNS to the line from S to Ba; UPW, the intersection point of posterior pharyngeal wall and the line from PNS to Ba; MPW, horizontal counterpoint from tip of soft palate on posterior pharyngeal wall; LPW, horizontal counterpoint from base of epiglottis on posterior pharyngeal wall; U, tip of soft palate; V, base of epiglottis; SPP, the intersection point of soft palate and the horizontal line from the midpoint of the line from PNS to U to the line from Go to B; SPPW, the intersection point of posterior pharyngeal wall and the horizontal line from the midpoint of the line from PNS to U to the line from Go to B; TB, the intersection point of root of tongue and the line from Go to B; TPPW, the intersection point of posterior pharyngeal wall and the extended line of the line from Go to B; AH, Anteriosuperior hyoidale; C3, Anterioinferior limit of third cervical vertebra; C4, Anterioinferior limit of fourth cervical vertebra; T, Tougue tip; Mc1, The point on posterior pharyngeal wall where the postpalatal airway is narrowest; Mc2, The point on soft palate where the postpalatal airway is narrowest horizontal measurements: AH-Or, the distance between Or and the vertical counterpoint from AH to the FH plane; AH-C3, the distance between AH and C3; AH-RGn, the distance between AH and RGn; AH-Me, the distance between AH and Me; AH-NPog, the distance between AH and the line from N to Pog; C3-Me, the distance between C3 and Me; AH-CVP, the distance between AH and the vertical counterpoint from AH to the line from C3 to C4.
Statistical Analysis
The statistical analyses were calculated using SPSS17.0 (SPSS Inc, Chicago). Chi-square tests were used to check the sex distribution, and independent-samples t-test was used to compare the age differences between groups. Paired t-tests were used to compare the pretreatment and posttreatment measurements.
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Independent-samples t-test was used to compare the differences between groups in pretreatment and posttreatment measurements.
P<0.05 was considered statistically significant.
Results

Sex and age distribution
There was no significant difference in sex distribution among Group A (13 men, 17 The results of skeletal, dentoalveolar and soft tissue variance (Table 1) In group A, maxillary growth was inhibited, SNA decreased significantly (P <0.01), mandibular sagittal variation was significantly promoted. SNA had no significant change in Group B. ANB and Wits decreased (P<0.01), and SNB (P<0.01) increased in both groups.
The overjet and overbite decreased, L1-MP, L1-NB increased and mandible incisor labial inclined in each group after treatment (P<0.01). There was no significant difference in U1-L1 angle in the two groups. In Group A, maxillary incisors were retracted, U1-SN angle and U1-NA angle decreased significantly (P<0.01).
There was, however, no difference in U1-SN angle and U1-NA angle in Group B.
Lower lip decreased, Z angle increased significantly in each group (P<0.05). Upper lip increased in Group A (P<0.01); however, decreased in Group B (P<0.01).
In group C, U1-NA and U1-SN increased (P<0.05); and U1-L1 decreased (P<0.05).
The results of upper airway and position of hyoid bone variation (Table 2)
In the upper airway variation, V-LP W, PNS-V, PNS-U significantly increased in the three groups. T-V significantly increased in Group A and B, no significant difference in Group C.
In the vertical position of hyoid variation, AH-SN, AH-FH, AH-PP, AH-PNS significantly increased in Group A and B. The direction of hyoid growth had been changed to downward.
In the horizontal position of hyoid variation, AH-NPog, AH-CVP, C3-Me significantly increased in three groups. The direction of hyoid growth had been changed to forward. AH-C3 significantly increased in Group A; however, no significant difference in Group B and C.
The comparison of changes before and after treatment between Group A and B showed that Overjet (P<0.05) and Upper lip (P<0.01) changed significantly, no significant difference in Group C.
Discussion
This study reported the changes of upper airway dimension and hyoid bone position in non-extraction patients with Class II division 1 malocclusion, about 11 years old, using Class II traction with or without headgear treatment. Measurements of pretreatment and posttreatment in patients with headgears showed that maxillary growth was obviously inhibited, but mandible growth wasn't affected, which was consistent with previous studies 12, 13) .
The overjet and overbite were improved, due to the maxillary molars distal displacement, the maxillary arch expansion, the maxillary inhibition, the mandible growth, the maxillary incisors palatal displacement and mandible incisors labial inclination. Jacobson 14) believed that the ANB angle was not always an accurate method of establishing the actual amount of apical base divergence. The effect of angulation of jaws and occlusal plane on jaw relationship based on Nasion, the rotational effect and the anteroposterior positions of the jaws relative to the anterior cranial base were the factors leading to its inaccuracy. In order to determine the reliability of the ANB angle, the Wits appraisal was used to complementally show the anteroposterior relationship of jaws. In our study, the Wits significantly decreased in Group A and B after treatment, which showed the relative coordination of maxillary and mandible.
The SNB angle significantly increased in Group A and B, which is probably the Class II traction effect or other factors. Thomas 15) reported that headgear treatment made the upper dental arch expansion and the overjet and overbite decrease, which could change original occlusion. It means that the growth of the mandible was no longer limited. Between Group A and B, there was no significant difference in SNB angle, which illustrated headgear had no evident effect on mandible growth, but Class II traction in this study.
In the dentoalveolar variation, the incisors inclination greatly improved in Group A, because of U1-SN and U1-NA decrease, after treatment with headgear. However, there was no significant difference in Group B. That's because headgear treatment could distally displace maxillary molars, increase molars anchorage and provide places for incisors retraction. In addition, U1-L1 wasn't change significantly in the patients of Group A and B, due to the maxillary incisors palatal inclination and mandible incisors labial inclination. In Group C, U1-SN and U1-NA increased, U1-L1 decreased. No restriction of patients with Class II division 1 malocclusion may aggravate incisors inclination and affect the mandibular development. Recent years, more and more orthodontists 16, 17) concerned on facial soft tissue profile of the patients, which didn't change with the dentition entirely. So analyses of orthodontic treatment on both hard and soft tissue were required. In this study, the profile Group A than Group B.
In the upper airway-related variation, V-LPW, PNS-V, PNS-U, T-V increased significantly in Group A and B after treatment. The result demonstrated that the changes were caused by Class II elastic traction rather than headgear. Many studies 18, 19) have shown that the oropharyngeal dimension is closely related to size and position of the mandible. Abu 20) found that the sagittal dimension of oropharynx was larger Class II malocclusion than that of Class II malocclusion. Maybe the further research is to assess the differences among various malocclusions in air way by different appliances.
Sahoo 7) researched the air way of dimensional changes and position of hyoid bone in adults with skeletal class II malocclusion treated by combined orthodontics and bilateral sagittal split ramus osteotomy in the method of lateral cephalograms. But more and more scholars suggested non-surgical treatment before or during puberty, which could decrease the severity of malocclusion. So we chose the people aged from 11-14 years in our study.
In the vertical and horizontal position of the hyoid bone variation, changes were similar in the three groups. The relative measurements increased, which indicated the direction of hyoid growth had been changed to forward and downward. Many scholars 21, 22) confirmed that hyoid position gradually moved forward and downward from the mixed dentition to permanent dentition. Yassaei 22) found that hyoid bone shifted significantly forward in horizontal dimension and no significantly upward in vertical dimension in the patients with Class II division I Many researchers studies the air way and position of hyoid bone by cephalograms, rath er th an three-dimensional approach 21, 22) . Cephalograms could be a good method of reflecting the changes, if the standard of taking and measuring the lateral cephalograms was well performed.
In conclusion, the upper airway dimensions could not be decreased by headgear treatment or Class II traction in patients with Class II division 1 malocclusion. Class II traction treatment affected the position of hyoid bone.
